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OBJECT OF PROJECT

To conduct engineering tests and evaluations of prototypes of general
equipment resulting from research and development projects.

OBJECT OF TASK

To develop and test a portable topping plant capable of rapid erection
and immediate production of satisfactory fuels from crude oils where locally
available to Naval occupation and construction forces.

OBJECT OF REPORT

To present the results of a long-term development program on a portable
topping plant (Mark II).

III



ABST•RACT

The need for a portable petroleum refinery or topping plant to supply

fuel for equipment at advanced bases is discussed. The development of two
prototype units for the production of gasoline, kerosene and diesel oil is
outlined. The details of the testing, modifications, and retesting of the
Mark II prototype at two different locations in Montana are discussed.
Testing was accomplished under a variety of weather conditions including
sub-zero temperatures. Several different crude oils were used, yielding
products in varying proportions. Portability of the unit was proved by
dismantling and moving 400 miles by truck in the middle of winter. The
plant can be erected and producing fuel within 48 hours. The feasibility
of Seabee operation was determined by having Seabees participate. Oper-
ation of the plant was improved by modifications to simplify the components,
increase durability and reliability, and improve products. Suggestions are
made for a short additional program which should result in a prototype which
can be recommended for stock in the Navy supply system. Consideration of
an asphalt unit to use the waste residual oil for the manufacture of asphalt
for paving and roofing is recommended.

V
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PHILOSOPHY OF NEED

The philosophy behind the development of a portable oil refinery stems
from the following factors:

I. Crude oil is available in many parts of the world where military action
might take place in the future.

2. Aerial bombardment can wipe out refining plants and tank farms, but
in order to destroy an oil well a charge of explosive must be intro-
duced into the well itself. This is difficult, if not impossible, to do
from the air.

3. Petroleum or petroleum products comprised over one-half of the total
tonnage, including food, clothing, machinery, munitions and
personnel, that was shipped overseas in World War II.

4. Refined products which must be shipped by tanker are difficult to
deliver to a military area because of the vulnerability of tankers to
enemy submarine action.

These factors combine to make the creation of a portable refinery, which
can be easily transported and quickly assembled in a military area, an important
logistics consideration.

In order to simplify the construction and operation of the plant, as well as
to reduce the hazard inherent in a refinery, it was decided that a simple fraction-
ation or topping plant would best serve the purpose. Such a plant does not have
the extremes of temperature and pressure which exist in a cracking plant.
Although the quality of products is somewhat lower than could be obtained from
a cracking plant, it is considered adequate to operate construction equipment
and similar types of gasoline and diesel engines. No aviation gasoline would
be produced. Jet fuels could be made by blending products. Thus, a portable
topping plant would be a means of producing from local crudes satisfactory
fuels for construction forces, thereby reducing the logistic load during the
emergency construction period. Such a topping plant would offer immediate
fuel production possibilities for:
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1. The temporary resupply of occupation-force equipment from crude
oil fields taken from the enemy.

2. The temporary or permanent resupply of local equipment engaged in
exploitation of reserve fields.

3. The emergency replacement of permanent refineries damaged by
combat or local hazards.

It was contemplated that the design be portable and of unitized con-
struction in order to speed the assembly of the plant and to render it capable
of easy shipment by surface orair-borne methods. The capacity of the plant
would be sufficient to produce approximately 3,600 net tons, per month
(800 bbl per day) of usable products from asphaltic crudes. This production,
which could be increased as required by multiples of the proposed plant, is
clearly of a magnitude to vitally affect logistics in the supply of overseas
bases over long ocean routes. The proposed plant or multiples thereof
therefore:

1. Would eliminate or reduce the number of tankers required to support
a base.

2. Would reduce the load on tankers and on the transportation, storage,
and handling of crudes in supporting major refineries from which the
base would otherwise have to be supplied. The total tonnage required
to support a division would be decreased up to one-third (representing
the fuels required by the ground forces).

3. Would reduce the number of tankers lost by sinkings or damage from
the hazards encountered over long ocean routes.

4. Would reduce the number of personnel as well as handiing, storage,
and protective facilities required to support long overseas supply
lines.

5. Would assure emergency supply of fuels should supply lines be
disrupted or local tank farms be destroyed.
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6. By its portability and flexibility, such a topping plant would assure
immediate on-the-spot fuel production for initial or occupying forces,
and rapid reassembly at advanced points for forces progressing through
crude fields.

The above economies assume vital importance when considered in
relation to military situations which might develop; such as:

1. The occupation and development of known crude fields in arctic
regions where forces would otherwise be almost entirely dependent
for fuel on the delivery of a one-year supply during a very short
summer shipping season. The possibility of damage to this long-
period supply and the difficulty of replacement in the event of
loss require provision for emergency production of fuel.

2. The progressive occupation of the successive crude oil fields
within an enemy sphere where long overseas and long overland
supply routes would otherwise be required for fuel delivery.

3. The loss of the Mediterranean Sea Route for supporting forces
dependent upon it, which othei wise would necessitate resorting
to long and hazardous Pacific routes.

To supplement the above, the Navy has contemplated preparing
shallow, medium, and deep-well drilling components. Also contemplated
is a training program for the recruitment of personnel experienced in
drilling, refinery operation, pipeline work, tank farm work, and associated
required skills.

TEST UNITS

Cleaver-Brooks Mark I Unit

To meet the objectives of ths program, the Bureau of Yards and Docks
negotiated with the Cleaver-Brooks Company of Milwaukee, Wisconsin, for
the design and fabrication of a portable topping plant which would have a
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capacity of 400 gallons per hour (228 barrels per day). This plant had a
contract price of $62,485, and a specified delivery date of 26 June 1948.
The plant (Figure 1) was received on 22 November 1948 and was tested in
the spring of 1949 by the Advance Base Proving Ground, Port Hueneme. The
plant produced usable products, although it could not produce specification
products because of the limiting factors of design. In several major items the
plant failed to meet specifications. Its total height was 28 feet, 2 inches,
whereas.15 feet was desirable. It was 10 feet wide, 13 feet long. The
fractionating tower contained 14 bubble trays. After the test program was
completed and the results were analyzed, it was decided that although the
plant produced usable products it did not meet the requirements of the Bureau
of Yards and Docks, so the project was closed out and a more realistic list of
requirements was prepared for the Mark II unit. Subsequently, the Cleaver-
Brooks unit was considered for use in Alaska by the Alaska contractors on a
BAREX expedition. Investigation showed that the unit was in too poor condition
to rehabilitate, so the plant was declared surplus, salvageable items removed,
and the rest scrapped.

Lummus Mark II Unit

Specifications. The revised specifications provided for a larger plant
to have a capacity of 1,000 barrels of oil per day throughput. This plant was
to be designed for KUWAIT crude oil and would have a capacity for fraction-
ating, condensing and cooling the following maximum quantities of products:

Gasoline 275 barrels per stream day
Kerosene 150 it " "

Diesel Oil 187 " " "

Residues 545 " " " "

These quantities were determined to be the amount necessary for a single
plant to furnish the daily fuel requirements of a Naval Construction Battalion.
Four such plants would be capable of supplying th,. fuel needs of a Marine
Combat Division. Fuels produced by the plant would not be specification
fuels, but they would be adequate for emergency purposes; it was expected
that they could be used continually in equipment for three to six months
without deleterious effect on the equipment. It was expected that the plant
would weigh not over 70 tons exclusive of the crude-oil supply system and
water supply. It was to be capable of being erected in the field and ready
for the production of fuels within 48 hours with water and crude-oil supplies
available.
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Feasibility Study. The first step of the Mark II project involved a
feasibility study, which was negotiated with the Lummus Company of New York.
This contract, dated 27 June 1950, provided for an engineering study and the
development of complete specifications for a portable topping unit of 1,000
barrels per day capacity. The cost of this contract was $18, 000. The study
was completed and the conclusion was that such a plant as was proposed was
entirely feasible.

Design and Specifications Contract. After the completion of the feasi-
bility study, negotiations were conducted-with the Lummus Compai.y for detailed
engineering work required to fabricate the portable topping plant. This included
detailed equipment specifications, working drawings for fabrication, and designs
and requisitions for the procurement of the necessary materials. This portion of
the work, referred to as the design phase, was performed under a contract dated
30 November 1950 at a cost of $32, 000. When the design phase was completed
and the complete working drawings were available, they were submitted to a
consulting engineer, Mr. Earl Gard, of Los Angeles, for review and comment.
As Mr. Gard had previously been retained on the Mark I project for the test
phase of that project, he was familiar with the requirements of the project.
His conclusion was that the plans for the Mark II unit were complete and
acceptable and should result in a satisfactory unit. (See Appendix A for
details of design.)

Fabrication Contract. The Bureau of Yards and Docks then took bids for
the fabrication of the topping plant. The low bidder was the Lummus Company,
for a total cost of $112,500. A contract dated 21 June 1951 was entered into
with the Lummus Company calling for the fabrication of the Mark II plant within
the shortest reasonable time. The plant (Figures 2 - 4) was completed and
shipped by rail to the U. S. Naval Civil Engineering Laboratory at Port Hueneme,
where it was received on 21 December 1952. The plant was damaged in transit
by a collision with a low bridge on the railroad, and repairs were made after it
was received in Port Hueneme.

TESTS AND MODIFICATIONS

Because of the large amount of crude oil which would be required for the
testing period, it was not considered feasible to test the plant at the Construc-
tion Center. It was thought desirable to have the plant tested by experienced
refinery personnel and preferably In an operating refinery to take advantage
of the facilities, personnel, and supply and marketing arrangements available
there.
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In an effort to locate the plant as near Port Hueneme as possible, every
independent refiner in Southern California and about six major refiners were
contacted to determine their interest in the testing of the plant. At this time,
crude oil was extremely scarce in California. This was due to the normal
growth of the State and the incidence of the Korean War which was under way
at that time and which required a large amount of petroleum products to be
shipped from California refineries. Because of the existing shortage of crude
oil, very few refineries in Southern California were interested in even
discussing the testing of the plant. At the suggestion of consultant Gard, an
attempt was made to obtain navy oil from Elk Hills to be sold to the potential
contractors, but this was not possible because of the controls and regulations
placed on the sale of this oil. The few refineries which were interested in
the testing of the Lummus Plant proposed contracts involving such high pay-
ments that they were impractical. Because crude oil was in greater supply
east of the Rocky Mountains, it was determined that the testing of the plant
should be done in either Texas or one of the North Central States.

About this time a letter of inquiry was received from the Modern Oil
Company of Shelby, Montana, a small refiner operating a 1500-barrel-per-
day plant in that location. Because of their favorable proposal and the value
of testing in a northern climate with rigorous winters, a contract was executed
with the Modern Oil Company which provided for 60 days of tests.

Shelby Operations

After repairs were made to the plant in Port Hueneme, it was shipped
by rail to Shelby, Montana, where the Modern Oil Company unloaded the
plant and erected it on their property. Because of the necessity of grading
the site, burying the pipe, erecting bolted steel tankage, and similar operations
requiring considerable time, the total erection period extended to approximately
four months.

Technical engineering assistance was provided by contract with the
Ralph M. Parson's Company of Los Angeles, who assisted Laboratory engineers
in establishing test procedures and analyzing and evaluating the results.

Crude Oil Used and Products Produced. The Modern Oil Company used
two different crude oils to determine the characteristics of the topping plant.
A lighter gravity crude oil than that used as the basis for design was used to
test the functioning of the unit in the light distillate section and heater sections
because such a crude has a higher percentage of distillate products, particularly
in the gasoline-kerosene range. The crude oil secured by the Modern Oil
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Company for the purpose of testing the light fraction sections of the plant was
a 40.2-degree API gravity paraffin-base crude oil from the East Poplar Field
in Eastern Montana. A heavier gravity crude oil to test the heavy ends section
of the plant %,_3 represented by a 21.5-degree API gravity mixed base crude
oil from the Chinook Field in North Central Montana. The yield of these
crudes included:

East Poplar Crude Chinook Crude
40.2-Gravity 21.5-Gravity

Gasoline 32.20% 13.57%
Kerosene 19.30 11.56
Gas Oil 7.80 4.92
Residuum 40.10 68.95
Waste 1.00 1.00

Test runs on both crudes consisted of operating the unit at various flow
rates. Generally, a minimum flow rate, an average flow rate, and a maximum
flow rate was determined. In testing the light distillate sections, a 36-hour
test run was carried out at the design product flow rate of the lightest distillate
fraction using the lighter gravity crude oil. The general procedure followed
was to set a predetermined rate based on design stream flows, adjust the oper-
ating temperatures and reflux ratios to produce specification products and
hold the plant at these conditions for several hours. After it wds determined
from plant-site laboratory analysis and observation of plant data that these
conditions could be maintained, the plant was operated for a minimum period
of 24 hours. During the test period, the temperatures, pressures and flows of
processed liquids, cooling water, and steam were recorded by the operating
personnel and analyses of all products were carried out at 4-hour intervals in
the plant laboratory. Composite stream samples were saved and submitted to
a commercial laboratory for check analyses at the conclusion of each test.
Appendix B shows typical test results and records.

No product specifications, other than estimates, were set forth in the
design criteria of the portable topping unit except the broad statement that
the products obtained should be acceptable for emergency use in military
vehicles and equipment. In the Shelby tests, product specifications required
to be met were set at those of straight-run distillates acceptable in the marketing
area of the Modern Oil Company, and at all times operations were conducted so
as to produce products acceptable to their product blending or sales commitments.
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Modifications. During the Shelby operations many modifications and
improvements were made to the plant. Most of the difficulties encountered
were centered in the furnace, or heater, section of the plant. Due to
difficulty of combustion, non-uniformity of heat produced, and inadequate
control of the fire, the six Maxim (compressed-air atomization) burners
furnished with the unit were replaced by two Iron Fireman (mechanical
atomization) burners. This substitution permitted the removal of the large
air blower used as a compressor to assist in fuel oil atomization. This, in
turn, simplified the design of the furnace, minimized maintenance require-
ments and permitted the furnace to be e.larged to give more efficient
combustion area.

It was also found that the stack area was not sufficiently large to
provide the proper draft. It was determined that this situation could be
improved in one of three different ways:. (a) by a stack of larger diameter
and cross section, (b) by a higher stack to secure more natural draft, or
(c) by a forced draft involving a fan or blower in the stack. The cheapest
method was tried, that of lengthening the stack using the same diameter to
create a greater natural draft (Figure 5). This was subsequently changed in
later tests at Lodge Grass, when the stack was greatly enlarged in diameter
and shortened to a more practical height, resulting in better operation (Figure
6).

A fire was experienced in the vicinity of the oil burners on the outside
of the furnace as a result of a leaking fuel hose and a flashback from an oil
burner, resulting in the destruction of a flexible fuel line and other damage.
This fire pointed out the poor design of the base of the furnace and of the
tower bases, which collected inflammable drippings. This fault was corrected
by providing drainage to minimize this hazard. The fire also demonstrated
that flexible rubber hoses should not be used as fuel-oil lines leading to the
oil burners. It also pointed out that the only steam available for fighting
fires was that created by the steam tubes within the heater section itself.
In the case of a fire in or around the heater, the burners would be shut off
to prevent further damage. This would stop the formation of steam within
the steam tubes, which in turn would prevent fighting the fire with steam.
As a safety measure, therefore, it was decided to remove the steam tubes
from the heater and provide steam for process use, as well as for fire pro-
tection, by installing a separate steam generator, which was subsequently
done at Lodge Grass.

Several minor fabrication deficiencies appeared during the Shelby
operations. These included minor piping inadequacies, check valves
installed in reverse position, gauge glasses in an exposed condition subject
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to easy breakage, and so forth. The major fabrication error was discovered in
the Number One tower, in which it was found that the stainless steel downcomer
leading from the bubble trays was not welded to the sides of the tower. As a
result, this downcomer warped and gave some difficulty in operation. This
fault was corrected by opening the tower, welding as required, and resealing
the tower. No similar trouble was experienced with the other two towers.

Move to Lodge Grass

Subsequent to the testing period in Shelby, the contractor went into
bankruptcy and it was decided to move the topping plant to a new location
for additional tests. A contract was negotiated with the Petroleum Products
Refining and Producing Company of Abilene, Texas, which owned a small
producing field (the Soap Creek Field) in Southeastern Montana, south of
Hardin near Lodge Grass. (This company was subsequently taken over by the
Texas Calgary Company of Abilene, Texas, which assumed the responsibility
for completing the contract.)

During the winter of 1955-56, the topping plant was dismantled, moved
by truck from Shelby to Lodge Grass, and re-erected at that location. During
this move there was approximately 10 inches of snow on the ground and the
temperature was constantly below zero. All of the loading and unloading was
done with ordinary oil-field equipment, winch trucks, gin poles. The crews
used for the dismantling, loading, and hauling were experienced and proved
the easy portability of the plant. The hauling distance of approximately
400 miles was made without incident or damage, and was an important and
successful operation. (Figures 7 and 8.)

Lodge Grass Operations

As no refinery existed at Lodge Grass prior to installing the Mark II
plant, it was necessary to build everything from "scratch." The site was
graded, a water well was drilled, access roads were built, a tank farm was
constructed, loading and unloading facilities were developed, a water cooling
tower was built, and power lines were brought in. Although the quantity of
work done in this regard resembled that at an advanced base, the quality was
for considerably more permanence and consequently the cost and time of
development was not comparable to that of a military installation. Figure 9
shows a general view at the Lodge Grass location.

Crude Oil Used and Products Produced. The crude oil from the Soap
Creek field was a very heavy viscous asphalt-base 19.5-gravity oil which
contained only about 7 percent gasoline. The gasoline was of low quality and
of value primarily for blending purposes or as a solvent for cut-back asphalts
or road oi Is.
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The yield of this crude included:

Gasoline 7.05%
Kerosene 12.13
Gas Oil 8.89
Residuum 71.18
Waste 0.75

As the residuurmg was used as feed stock for asphalt production, it is
apparent that asphal• was by far the most important product.

Other characteristics of the crude oil and the products will be found in
Appendix B in the test reports dated 1956.

Modifications. The high viscosity of the Soap Creek crude led to trouble
in the crude oil feed (centrifugal) pump. This pump hod difficulty in main-
taining the flow into the plant and overheated easily because of the load put
on the electric motor. The centrifugal pump was replaced with a Moyno pump
(Figure 10), which for this service had greater capacity and required less power.
No further trouble was experienced in this section of the plant.

The contractor suggested that automatic controls for the plant, with
motorized valves and other control equipment, would simplify the operation
of the plant and improve the product. Accordingly, an automatic control
system (Figure 11) was installed and proved to be very desirable. Controller
records are shown in Appendix B.

The heavy crude used at this location required a greater heater capacity
and additional oil tubes were installed in the furnace, which approximately
doubled the heat-exchange capacityof the furnace. Because of the limited
capacity of the heat exchangers and coolers on the diesel oil product line,
this product was not cooled sufficiently and the product pumps ran hot.
Additional heat exchangers for cooling were added which corrected the
situation.

Seabee Operation

To determine the possibility and practicality of having the topping plant
operated by Seabees, two enlisted men were sent to the site for one month.
They were given instructions in the operation and maintenance of the plant as
well as in sampling techniques and laboratory test operations. This experience
indicated that Seabees could be trained within 30 days for routine operations,
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Figue 1. Vew romabove of Moyno pump, replacing Lcentri Ifu Igo II
crude oil feed pump.

Figure 11. Control ler-recorder panel added at Lodge Gross for auto-matic operation of topping plant.
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but should have an experienced supervisor to take care of the unusual con-
ditions and emergencies which might arise. Suggested operating personnel
for a military operation are listed in Appendix C.

EVALUATION

In most respects, the Lummus Mark II unit satisfactorily met all spec-
ification requirements. With the exception of the modifications to the heater
section, most modifications and improvements indicated would be minor. In
general, the unit is reliable, would have sufficient durability for its antic-
ipated combat life, and is quite rugged, although some improvement could
be made in details of structural framework.

The portability of the unit, as evidenced by the ease with which it
was shipped by rail (Figure 12) and truck and also the ease w!th which it
was erected and dismantled, indicates that it meets all the portability
requirements. No measure of its air-transportability was made except an
appraisal of its physical dimensions and weight, which indicates that it
would meet these requirements also.

It is estimated that the plant (exclusive of tankage) can be erected
and producing within 48 hours.

Most of the trouble encountered in this unit was in the furnace, or
heater, section. There was a need to improve the combustion characteristics
of the furnace and, with the change of oil burners, this was made possible by
the elimination of the blowers on the outside of the furnace. This change
permitted a widening of the furnace and an expansion of the internal com-
bustion area. Combustion characteristics were also improved by the enlarge-
ment of the stack area. The removal of the steam tubes provided sufficient
room for additional oil-heater tubes, which increased the capacity of the
entire plant. Minor modifications include the relocation of some of the
component items to provide for a maximum width of usable combustion area.
A steam snuffing system for fire protection was added. It is considered that
the furnace should be completely redesigned to incorporate all of the
modifications made as well as a few other desirable changes, including
premolded refractory material which would not be as fragile as fire brick,
consideration of alternate burners, and oil heating tube analysis for size
and surface area.
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With the exception of the fabrication deficiency in the towers mentioned
on page 12, the components seemed to be satisfactory and gave a minimum of
difficulty. The quality of the products produced and the flexibility with which
products could be changed according to need seemed to meet all requirements.
Some modifications are indicated in the heat exchangers, coolers, and product
condensers in order to give them a greater capacity and a longer life. It is
suggested that heat exchangers of a uniform size and capacity be designed so
that additional units may be added according to the requirements of various
crude oils.

It is apparent that the yard facilities required will depend upon the
location and particular situation which exists at every individual installation
of the topping plant. Tankage requirements will depend upon the source of
the crude oil, the method of transporting the crude oil from the wells to the
plant site, the kind or quantity of storage required for both crude and finished
products, the characteristics of the crude itself, safety considerations, and
other factors. In general, tankage (Figure 13) will be required for crude-oil
storage, for products storage, and for operating use ("slop" tanks). Rubber
"pillow" tanks (Figure 14) are the quickest to install but are the most expen-
sive. They require only a smooth foundation, and being connected with the
portable pipelines, manifolds and hoses supplied with the tanks and they are
ready for use. Standard bolted steel tanks cost approximately one-third as
much as rubber tanks but require much more time for installation. In addition,
some difficulty may be encountered if bolted steel tanks are erected in cold
weather because of the inability of the gasket material to seal the tanks.

Other yard facilities required include pipelines to and from unloading
facilities for crude oil., loading facilities for finished products (Figure 15),
pipelines connecting the tank farm to the topping plant, a water cooling
tower and pipelines connecting it to the plant, portable electric generators,
portable steam generators with pipelines, laboratory facilities (Figure 16)
for control tests to control production, and a building to house personnel
during inclement weather. Most of*hese facilities are standard stock items
for which representative designs and quantities are specified in Appendix D.

Only a few pieces of standard laboratory equipment are necessary for
control tests for the production of fuel. These tests are simple and routine in
nature, can be explained by an operating manual, and are capable of being
performed by relatively untrained Seabees.



24

4 VCF



25

OL.

1 411



26

000



27

ý2

iL0
oil)



28

An operating manual should be prepared at the time the fabrication
plans are completed, written in nontechnical language for Seabee under-
standing. Besides manuals for the operation, repair, and maintenance of
the plant itself, there should be special manuals for bolted steel tank erection,
operation and care of portable electric generators, a laboratory manual for
control tests, and other special manuals for particular equipment as required.
The manuals should give the maintenance requirements of the plant and Its
various components.

It is anticipated that an operating crew for the plant would consist of
one experienced operator and one apprentice assistant for each shift. In
addition, there should be a mechanic, an electrician, and a welder available
for call at any time should an emergency arise. One laboratory technician
should be available during the daylight shift to record the operating results
of the night shifts and to complete tests of all samples taken during the pre-
ceeding 24-hour period. (See Appendix C.)

On the basis of actual operational tests, it is estimated that a crew of
Seabees can be trained to operate the plant, exclusive of emergency require-
ments, within 30 days. One skilled technician, who understands the plant
and who is qualified to take core of any emergency, should be sent with
every topping plant put into use. This man should supervise the unloading
and erection of the plant, as well as the initial firing up and placing of the
plant on stream. No current military rating provides for this particular skill,
so a limited number of personnel may have to be secured from the petroleum
industry when needed.

A feasibility study has been completed to determine the practicality of
a proposed asphalt unit to be operated in conjunction with the topping plant.
Such a unit is feasible and the estimated cost in 1957 was $12, 000 for design
and $41,000 for fabrication. Such a unit would make use of the otherwise
waste product of residual oil and would furnish a substantial part of all asphaltic
requirements for paving, roofing, and waterproofing purposes. The unit would
have a capacity of 600 barrels per day of residual oil to be processed as crude
stock. As the products of the asphalt unit would meet a significant need at
advanced bases, such a unit could double the military value of the plant.

CONCLUSIONS

The Lummus Topping Plant, Mark II, is an excellent compromise between
maximum capacity and maximum portability. Its throughput (1,000 barrels per
day) is sufficient so that it will, in many cases, serve the entire needs of the
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Installation being considered. For larger requirements, batteries of this unit
may be used. The quality of products is excellent and fully satisfactory for
emergency uses. With the exception of the heater, the basic design of the
unit is satisfactory. It is considered desirable to completely redesign the heater
to take advantage of the extra width available and to incorporate the various
modifications (improved draft, improved burners, redesigned oil heating tubes,
etc.) found necessary to improve combustion characteristics. With the substitu-
tion of the Moyno crude feed pump and various other relatively minor modifica-
tions, it is considered that this unit is very reliable. Its durability Is adequate
for the purpose intended.

RECOMMENDATIONS

1. That the fabrication drawings of the entire plant be revised to incorporate
the findings of the testing program, and particularly that the heater be completely
redesigned to improve its combustion characteristics by taking advantage of
the extra width now available. (Information for revision of plans is available
from the "as-modified" drawings maintained at NCEL.)

2. That complete purchase requisitions be prepared for the bills of materials
required for such purchase items as the water cooling tower, laboratory, and
office building.

3. That plans for various yard facilities, including typical tank farms, water
cooling facilities, loading and unloading facilities, and laboratory be completed
for future use.

4. That the Bureau of Yards and Docks bring the Topping Plant to the attention
of OCDM for potential civilian use in the event of a disaster which may cripple
or destroy the refining facilities of the United States.

5. That a topping plant following the design of the Lummus Mark II be modified
according to NCEL recommendations and tested, and following successful test
be adopted for military use.

6. That an asphalt unit, to be operated in conjunction with the topping plant,
be designed, fabricated, and tested for the production of asphalt for paving,
roofing, and waterproofing purposes. Such a unit could double the military
value of the topping plant and make use of an otherwise waste product (residual
oil).
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APPENDIX A

DESIGN

Without going Into unwarranted detail, the following Flow Sheet (Figure 17),
and the Plot Plan and General Arrangement (Figure 18), indicate the general
design.

Some major modifications have been made, including a separate source
of process steam (removed from the heater to a separate steam generator) and a
greatly increased heat-exchange capacity (nearly doubled) In the heater for
heating crude oil.

Complete specifications and working drawings for all fabrication details
are in the files of the Naval Civil Engineering Laboratory at Port Hueneme,
California. These drawings have not been revised to show the "as-modified"
condition; they show the original design only. Corrected drawings are available,
however, to revise the original drawings.
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APPENDIX B

TEST RESULTS AND RECORDS

The data contained herein include the results of a commercial laboratory
inspection of the crude oil processed and of the products produced. They show
that the fractionating sections of the unit are capable of making satisfactory
product separations.

The test reports dated 1953 (Tables I through IV) are for the Shelby opera-
tions and reflect adverse firing conditions experienced throughout the runs due
to the heavy residue being used for fuel and due to manual adjustment of burners
to hold close product fractionations.

The test reports dated 1956 (Tables V and VI) are for the Lodge Grass
operations after automatic controls had been Installed on the plant. The
circular charts (Figures 19 through 22) show the close control of temperatures
at key points provided by the automatic controls.



Table 1. Badger Distillation, 40 Gravity Crude, Shelby. 3

AARLE ADDRSES I-SAVEOLTO L" S&V O EI LAISONATORIER
ALL. 00*91 USED - 01PECIFY NYHILAr4tCEL2.167. PA J

eliPHLAD*ELPHI. N.AJ
TELEPHONE - TERMINAL 4-6207 NASNN.IS

INSPECTION OF SULK CARROCS. ,VSPE PRVRASMSR.CRU HIV.TE
PIRTINLEIJ AND "to4K LINUIDS. wrV TSl NEW TRRK P5551155 5155*55 OSTON TaE.
LIOENRED WEIGHERS AND 1ANP.
LeftU FVEGETABLE OILS. WAXER INSPECTORS OF PETROLEUM WILNINGTON. CALIF.
AND PAYS. 

NS.f.I..SPECIALISTS IN TANK CAL18MATING 529 AVALON E1LVO. RS.N .I

WILMINETON, CALIF. TAMPICO. NEK.

DEPENDABLE INSPECTION SERVICE AT ALL POSTS ON THE ATLANTIC. GULF AND PACIFIC DOAMT6

SIAMLC O 11mr IOILCERTIFICATE OF ANALYSISUome .15

'RO fbaitted'by The Raliph N. Persons Co.Mpa - from No0*ftu Oil OCmW#j~y
Shelby. M~ont an.

FOR nalsesU. 8. Nary No. 0.3.0w, 963se.0l

THIS LARORATORYT CRTIFICATE SAY NO BE IVI.EO OR MI0 EXCEP IH PFLL SHALL NOT BE aSE P0 AOKWISN OR C mHETO WIT. ADVERTISINGS OP

ANT KIND IIRSPERMISSION FOR THE PIRLIS.'" OR DVERY.61.0 OP A. APPROVYED ASTRC OAR REEN ORVAINED.. "IT. WR INS M PRO , W. SAVVEILY Sk COMIPANY

orevity. AnI tt 6ooS 1.002
3.44 & N. 0.2%
Badger Type Distillation

Yield. % 32.2 19.3 7.8 40.01
Gowaity, API 6 6007. Ui.1 41.3 35-3 25.3
Tigoouity, Saybolt Univ. it 10007. - IN o.06 sees. a
Tiscosity, Uqybolt ?Poro1S 12M7 - - 204) sees.

Initial Boiling-point 113O1- 4&l007, 5307P. 63607,
5% 3.ooowew.. 16007. £i1701. 540 66007
16%. a 17807. 42097- 51456. 67001.

20 20207 1.2607. 55007. 687*1.
30 2 07. l432". 5550P.

a% 026R7 63907, 55807.
ao 25807. we160. 561op.

60% 0 276,61. 460?*. 565o7.
70% 2940P. We.67.50.
80% '3120F. 4ie.?*. 57807-

90 33107- 6950" .P 592-7.
95% U 1.77. 51307. 61007.
and Point 37140? 30.60

US An vry 98.0% 98.0% 99.0%

Crude Harked$
hrorn 9/1/53 - 180 hrs.
to 9/13/53 - 1800 hrs.
Smple from full tank*

APPOSSES BY SSm TRRS 0R.00"0 6.0 ...

oSSSSS . .. 5 .l. .S

FOMIN-1AL



36 Table 11. Analyses of Products, 40 Gravity Crude, Shelby.

IGASLE ACCSS&S U'AYUOL1OIL"-LIOATRCI
ALL. 100091 U690 - .PIEowVYLASORATORLe

TELEPHONE - TEUMM HAL 4-6207 ISLMIZCENO. 0. two.

INSPECTION OF SULK CARSOES. 40 TEFS POVE .LCNE ORU 1551 C
PERTROLIEU AND OTHEM LIQUIDS. MIT T.E SEWWOR PRODUCE ... SNAMS: uLICENSED WINCIOSPRS AND SAMP. OUTON Tax.
LENS Or VESETASLE OILS,. WAXER N ET BO ERLU WILMINGTON. CALIF.
AND FATS.INPCOSo PERLU
SPEOIALIITS1IN TANK CAL#IGATINS 5as AVLO LVO. ARU%^. N. W. 1.

WILM VLNINOTON, CALF. TAMPICO, Max.

11CAiTLE. WAGIN.

O&PEND*SL9 INSPECTION SERVICE AT ALL PORTS ON THEK ATLANTIC. GULF Aloe PACIFIC COASGTS

CERTIFICATE OWr ANALYSIS

SAMPLE r3F As Svc"W1 MZWV 
November 4. 1953

FROM Submitted by 2h5 Philph 14. Parsons Oommny WE from Modern Oil Covm.any.

1helby, Montana.

FOR AnAl 7 ,..

u. S. wavy so.. Ca.Lc 9163a.54

VMlS LABORATORY CER1'IF-71T MAT NOT AS MISLISUY OR WEO *XCFfl IN F-L SMALL NOT .E -JN FOR *OVERTIING OR IN -C V- WNC IOOTH ADVERTISINGS OF

ANYIND UNLEISI.SS PERMISSIONI FOR THE PUBISHING OR ADVERTISING OF AN APPROVED ASIMERAICT HAS SEEN DETAINED. IN W*51105 FRON E. W. SAYSOLT IS COMPANY

Pln aUlt avoint Kerossne Riegl- i m.
Gravity. API 0 6016F 60.4 42-0 35.5 26&.5

Color, Sqbolt +30 03D ft

plank, P14cc 154? 20
Reid Vapor Pressure V 10011o 3-8 lbs. --

3520 & W: ?Mo*

Visosmity. Saytolt Univ. V 10007.- -40.7 sees- AS
Viscosity" "eyOlt ?12rol. a 1220F.- -- 26.6 soon.
Octane, leseareh tClear) 146 - -

Initial. Boiliup. Point 12?07. 374*7. 547207. 638*7.
5% Becovered 1651-Y. 398*?, 520-7. 6779P.
10% 0 183*?. 4AGY,1 540-1p. 686011

2D% 207", ~ 42W'. 550-7.
% 2270. '42807. 55807,

ý%"244*7. 43607. 56140.
3o0 2620?. 4141307- 570-P,
60% is2780?% 4i5201. 577*r.

7%2970?. 4620?- 585-F.
80% a31707. 1475d7, 593*1?.
90% ~.339"? '4000? 60507
95% us3520?. 9`509P. 61
End Point 374o?,, 51607. 632*?.
Recovery 9N10% 98.5% 99.0%

Bottom 10%

All awnples inatIell
Prom 9/12/53 - 800 bra,
To 9/13/53 - 1800 hro.
SSamplsd every 'I hours.

E. Wr.SA3LT & CO.

OSNOSSUS SF A. S. T. IM.- P.-II..A..

PORN 10I4AL
1&1-1-5
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Table 111. Badger Distillation, 21 Gravity Crude, Shelby.

CABLE AUW "UAYMOLTOIL' k B Li .. AMONATONISS
ALL COOKUI usco - UPEciry * LIIANCTY. N. 4..

TK~gpe,..TE06IAL 4Z~ pILADSLPHIR. PA
T9L9NAS. -o TERMINALmS A-20 HAMOND sii:u0

INSPSOSIPM COP BULK CAAUUCKS. up ,.. pL.Zp.. aauuas am. UMSY. L0A.

PCVMOLCUM AND 01141U LIQUIDS. SWIKK. NKPUMU A UMUTON. Tax.
LIC NBED WIIUMENS AND SAMP- NPCOEO ERLEMwsawtw AP

Lt": Or V90U(YARL9 OIL16 WAXISINPCOSo IT LUMWMNTN.WAW
AND PATE. am, AVALON GLVO. ARUBA. W. 1. S

SPtCIALIUT8 IN TANK CA.IUSR&YSNU WILNINUTON. GAUVF. TAMPISS "EX.
SEATTLE. WASH.

OWP6NDADLAC INSPECTION SEUVICE AT ALL POSTS. ONTH ATLANTIC. OULF AND PAOIFIU 00AUT

139RTiriCATE Or ANALYSIS

SAMPLE Or 0R=D OIL, Nai*oda 21 Gnwivty Crude December U&. 1953

rnb 90itted byv th. R~ilph Mi. Pnreons Corimu - from 140deru Oil Company~.
SIheby. Nontana.

THMS LANCSATVOP INITIPIVATE MAY NlOT SW PUPLISIN. "A W..D 9.-"P 1. FULL SMALL IqýW af 55q ICD AVSTIINE M IN PPCooTIN WIT. AWwwUISN1 OF

AMY INOR UML.0S P04MISSIMN IPom TINE PMONINNS *DWMYISN 4)F AN APYNOYSO ANSTRACY NAG aN 00*IMISC. I""NG WHINIIPM a. W. GATWLT & CWPANY

Gravity, Arl a 6007. 21.5
1.9. & we 1.0%

BADGER TYPE DISYILLATI0)

Yield % Dry Crod* 13,57 11.56 I&.92 68.95
Gravity. AnX w 60.7. 6o.2 3847 32.1 13"1
Timoocity, Usybolt Univ. 0 lO1007 - - *40.6 usee.
Vimeou'ity. Saybolt Turol@0 122*?. - -- 462 sece.
MS'rILIAMPON1
Intial BollinR~ Point 12307. 4160r. 5n.61r. 6120F.

5% 171'?P. 431*?. 537a?. 63307.
:L%1900P. 43~69r. 514007. 6*430]r-

Op% 215"P. 1.4201. 54S. 65307
236'a. 41.807. 5500F.
2560F. 4355". 55507- -

50% 275O7. 462o1. 56-0'?. -

60% 29307. Ii7107. 5673. -

?0% 300. Q067?. 574ey.1.

80% 326-7. 49M'. 58501.
490% 345'?. 5080?. 6090F.
95% 360'7. 5250?. -

Wo Point 37801- 542'?. 617*F.
Beeovery ¶8.0% 98.5% 90.0%

6"6 or~a A. 5.. W .. f- Il. 41, a. S



38 Table IV. Analyses of Products, 21 Gravity Crud. Shelby.

~AU.EASESE AYEOLYUIL'- .. fl~mAuOmATORlmlug
ALL, 00099 US§D - PKSIPY SAB*o otmsUaOST. N. ..

ThLSPUNS lEDSNAL4530 ~ PIIADCLPMIA. PA
T1NEPHOTIU *- EUSCUCU : U NU.S.NESADSNA 4-20 H AMMOND. NO.W

ePasTioLEM NoroL DAhN LISICE DOUN§ LA.OS B
LIUN m AEINDN AND DaMP ESPEE OSU.

LEER .F VCUYAU1L. IgL.! W.A.XEu WSNGNEYN. CALIF.AND FATE. INUPEOToRs or PETROLEUM A~ý I*SPECIALIGTDINTANKCALIGRAYIMII Sea AVALON EILVD.LUA . 04. W.

WILMINU1'ON, CALIF. YANPIES. max.

SAP9NDAML.C SNEPCCTIC"IUSERVICC AT ALL POSIT*ON C ms ATLANTIC. OULF AND PACIFIC CEARTE

CERTIFICATE OP" ANALY81M
EAM PLE OF OHM11 OIL *16"e sk, "

FROM Udte Itlby The Balph K. Parsons Ooinivany from Moder Oil1 Ooapaq., lkelby,

FRa Analyse

THIS LAATCSy TIIFICAIS NAV COIT US PI.SLISIISC M INED PCOFT 1~4. SHALL CO WE USEDI -O ADVERTISING OM IN MCSCYWCI WIT" AOVCWICW CF
ACT K010 IRIMLEE OUMIS MIRCFO THE HSI MIS A - 6.hEC 04 - FCOS A. - ASTRAC -A0 MlS. 0MT.7*105. WRITICS FIONN S. W. SATEOLT A COMANM

44oWm vat of Planat saMl1os Whit arrLied with a 21.5 0 iawity Ormlo, 3Usamber, 1953.

Gravity, API V 6067. 61.5 1$3-8 364,9 13-11
Color +3n'. Saybolt +3D, Baybolt I Lt., )WA .0
ft gh* PWeeC 1'oor. 2160?. 3050?.
Sold Vapor Pressure C 1000?. 3o6 lbs. -
Bose & we - - 0-71%
Tiv0ooity, Saybolt Whvo 0 10007. - -37.3 *oo.. m
Visoomity* Saybolt lurol 0 1220?. - -- l.60.5 os

lagozd~OUna. No. - Clear (146.1s) 4.6 - -

ntl 311WPoint 1214*7. 31&70?- 141307. 55007.

5% 17297. "r20. 148301. 6001.
10% laiser. 381'?. "P3.. 6290..

2270?. 39707. 51307. C

241401. 4030?. 52101.0 C

259.1. 41007. 53107. -0
6D; more? 1.160?. "I.00IN

28"T7. .250?. 55003'.
80%30?'?. 13507. 565o..

3260?. 45907. 5mo.v
9 31410. 1469.7y. 6nrs*1.

Nad Point 36901. 1481.?. 62607.
2lmw ry 96. '.0% g8.o%
Los@, 1 0% 1.0%-

IL W aYNOLT & CO.

Poem If-CAL
ON-1.,,



Table V. Badger Distillation, 19 Gravity Crude, Shelby.

CABLE AoDDnRES "IAYVOLTOIL, LAAOMATORIEU
ALL oOEIS USED X- EP[CIFY -3BD L *i. .. L N. N.8

TIELEPNNE - TERMINAL 4-S207 * PMLAMODlHN PNDA

NEW ORLEANS. LA.
IN S P E C T IO N O P ' IB L K C A R G O E S . C O R P US4*. . S T NI[ J . . M C A B E NCNS EI TI V E

PETROLEUM AND OTHIE LIQUID. SF THE FIRM APPROVES AND II.I.N.E CRPU .HRI.TI. TEE

L'CE.Nn[D WEI1HNER AND SAMP- BY THEA NEW TORE PA... EJ 9...NA0 HOUSTON. TEX.
LEAN or VEGETABLE OILS6 WAXES INSPECTORS OF PETROLEUM .,LMINGTON. CALI.

AND PAT&. ApumA N W. h

SPECIALISTS IN TANK CALIBRATING *3* AVALON BLVD. AMUCO N.

WILMVINMTON. CALIfr. TAMpICO. MWS.
SE[ATTLE, WASH.

DEPENDABLE INSPECTION SIERVICE AT ALL PORTO ON THIE ATLANTIC. GULF AND PACIFIC GOAS1T@

(3.*L) iLT CERTIFICATE OF ANALYSIS2

SAMPLE OF CXIDZ OIL Ue'ptetiboz 20, 1936

FROM 3)ubndltted by Ralph W. Parsonsu Com!pc-jq. Sot~p Creahk* ostits

FOR .%halysis

THIS LABORATORY CERTIrICATE MAY NOT SE PUBLISHED ON USED EXCEPT IN FULL. SHALL NOT BE USEDO FO ADVERTISING ON UCJNNECTION WITH ADVERTISINO OF

ANY KIND UNLESS PERMISSION fOR THE PUBLISHING OR ADVERTISING or AN APPROVED ARSTRACT HAS SEEN OBTAINID. IN WRITING FROM l, W. SAYSOLT & COMPANY

mrkzds Soap Creek Crude Oil

ANALYSIS OF 011D
Gravity, AnI 60*7. 19.5

23.S. & w. 0.1

MW0M TV2 DZSTILLAXI0O

% yitu70% 2IT .W 71.18%~
Gravity, An a 6*0. 58.5 39.2 1..4 12. S
Color sqtolt *22 *15 -
Color A•S,.Ti, - - I Lt. -
Raid Va:por Pressure S 100F. 6.0 lb0. - - -

Rearch OCeotw '.0 (08) - - -

Flash, W•4o - 134.?. Z507..' 8oF.
V.lsoosity. Saybolt Univ. 0 10007. - - p40 .8 sec. -
V:-.soom.ty, saybolt 1urol 0 1220. - - - 60 9eC.

Iani.ial D.oili•, Point 125O?. 366°7, 5107. 595°r,
O ROVery 179oy,. OF,*' 51901. 6306l.

10% " 199*?. lO9'F. 5290.

20 ^,Ae0*r. 419*F. 33h-7 6° o,
70 "307*. 4277o.

4. ?. 43*0. 5*r.
9'j, a ,7207. 45007. •5507.

28707. 5.61*7. 363*:?.
704 0..57307. 57e07.

8~~W31707. 48860. .582py.
9),"31400r. "r9. 6o5.7.

93e 358,7. 530Ool
xIxd Point 5507F36.. 62oo7.
R00or):7 98.0 98.0 98.0

F;. W. sAYBOLT & CO.

NiPUIT•INSPETAM A, PATR l

.... .. , . P. I.A. A . .

,RNM 14 CAL



40 Table V'l. Analyses of Products, 19 Ga-avity Crude, Soap Creek.

CABLE ADOREsm "MAYBOLTOtL- LAEONATORISU
AL O ormUE - MPIECIFYB Lr.LIAT.N.

TELEPHONE . TERMINAL 4.5207 c'PPHLACELPNI. IND.

INSPECTION Or SULK CAMP-1ES NEW ORLEANS. LA.

PETROLEUM AND0 OTHER LIK.UIOS. I TH. FI.. APPROVE. A.c a ISHS CORPUS CHRISTI, TEa.

LI CENSED WEIGHERS AND SAMP- B' THEL NEW YBRK PRO.ICEBR0 AB HOUSTON. Tax.

07R O VEGETABLE OILS. WAXER INSPECTORS or PETROLEUM WILNINOTON. CALIF

AND FATS.AU M .1

'PECIALIBTS IN YANK CALIBRATING Gag AVALON ELVO. ARUSA. N. Ma.
WILIMINITION. CALIF. TAAPICE. WN"~.

(y.-L ~17 DEPENDABLE INSPECTION SERVICE AT ALL PORTE ON THE ATLANTIC. *Utr AND PACIFIC COAUTG

SAMPE OF OILCERTIFICATE CT ANALYSIS seteb 20, 1956

FROMSubmi~tted by Ralph If. Parsons OoqpWy Soatp Creek, 11ontan

THIS LABORATORY CERTII'ICATE NAY NOT SE PUBLISHED OR USED EXCEPT IN FULL. SHALL NOT BE USED 7RO ADVETISING OR IN CONNECTION .ITN A.ftRTISING OP

ANY KIND UNLESS PERMISSION FOR THE PUBLISHING ON ADVERTISING OF AN APPROVED AESTRACT HAS SEEN 0OTAINED, IN WRITInn. FRME. W. BAY.OLT ACOMPANY

H4zadood WkSOLINE mm m DIESML GAS OIL GAS OIL

Gravity, al~ 0 60.?, 58.2 37.4 2Be2 21.8 2he4
Color saybolt +5 --
Color A.STI.-2 .1/2 ("o~r "Mn 5 :it-
11eid Va.-or Pressure 2.0 Lbs. e
Reseacoh Octane 51-0),(51) - --

Osteine No. -- 50.1 (50) -

Flash, 141ce -16207. 216er. 210.?. 2300P.
Be St& .we - Ril 0.2 Troo
Viscosity, S3aybolt Universal - $ 1-? 178.3 145.3
Q; 1000?. 11
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APPENDIX C

OPERATING PERSONNEL

The following is a suggested staffing of officer and enlisted personnel for
military operation of the topping plant. (Personnel requirements are for continuous
operation 24 hours per day 7 days per week).

1. Lieutenant CEC Designator 5100 Billet Code 4922
(Officer in Charge) 1 each

2. Chief Petty Officer UTC (UT-6177) Assistant to
Officer in Charge and Supervisor of Operations 1 each

3. Petty Officer UTI (UT-6177) (Operator) 4 each

4. Helper General UTCN (UT-6177) 4 each

5. Laboratory Technician BT1 (ESX-9648) 1 each

It is possible that plant maintenance could be performed by other military
elements located in the area. However, if the plant should be located in an
isolated area the following additional personnel would be required to perform
maintenance work-

1. Petty Officer UT2 (Steamfitter) 1 each

2. Petty Officer CEG2 (Power and Lighting) 1 each

3. Petty Officer CMD2 (Diesel Mechanic) 1 each

4. Petty Officer SWS2 (Steel Worker) 1 each
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APPENDIX D

UNFINISHED WORK -- COMPLETION ESTIMATES

A number of items will have to be completed, furnished, or designed before
the topping plant can be considered to be ready for emergency use. These items
are described briefly below with recommended action and estimated cost.

1. Complete the drawings and specifications on the topping plant, incor-
porating all changes, modifications and recommendations as a result of the test-
ing and evaluation program. Plant to include all necessary automatic controls,
recorders and related equipment required to set up the plant. Estimated cost,
$22,000.

2. Design a field-type laboratory testing kit with necessary specifications
for control-testing of all petroleum products produced by the plant (including
asphalt). Total estimated cost, $500.

3. Prepare an operating manual to cover the operation of the complete
topping plant including associated facilities. Total estimated cost, $5000.

4. Design a temporary tank farm (Figures 23 and 24) for crude and petro-
leum products, using rubber tanks (Figures 14 and 25), hose, etc., for rapid
installation. Total estimated cost, $1000.

5. Des*in a semi-permanent tank farm for crude and petroleum products
using bolteu steel tanks, steel pipe, regular valves, etc. Total estimated cost,
$1500.

6. Design a semi-permanent tank farm similar to (5) but for asphalt
products. Total estimated cost, $600.

7. Design a knocked-down cooling tower than can be easily shipped and
erected. Total estimated cost, $2000.

8. Prepare a bill of material and specifications as required on consummable
items and spare parts required to operate the plant for 90 days, giving stock
numbers where available. Total estimated cost, $2000.

9. Prepare purchase requisitions for bills of materials for all purchased
items such as the water cooling tower, laboratory, and-office building. Total
estimated cost, $1000.
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10. Design a master plan which describes and locates all of the above
into a working installation. Include in the plan all necessary buildings, genera-
tors, water facilities, pumps and pipelines, electrical equipment, tank farms,
etc., plus a bill of material listing everything required to support Items (1)
through (7) above. Total estimated cost, $1500.
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